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(57) Abstract 

A process for preparing an alkyl phenylglycolic acid is disclosed. It follows the sequence of condensing a substituted 
acetaldehyde with mandelic acid to provide a 5-phenyl-t,3-dioxolan-4-one, which is condensed with an alkyl ketone or aldehyde to 
provide a 5^1^ydroxyalkyl)-5-phenyl-l,3-^ioxolan-4-one, which is dehydrated to a 5-(l-alkenyl>-5-phenyl-l,3-dioxolan-4-one. The 
5-(l-alkenyl)-5-phenyl-l,3-dioxolan-4-one may be hydrolyzed and reduced to an a-alkylphenylglycolic acid or the hydrolysis and 
reduction steps may be reversed. The process enables the production of single enantiomers of cyclohexylphenylglycolic acid (CHPGA). An 
analogous process for racemic CHPGA is disclosed employing racemic mandelic acid and acetone. Novel intermediates in the process are 
also disclosed. 
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STEREOSELECTIVE PROCESS FOR PREPARING (CYCLO)ALKYL 
PHENYLGLYCOLIC ACIDS 



VieM of the Invention 

The invention relates to a chemical process for preparing a- 
alkylphenylglycolic acids and to intermediates in that process. 

Rack pround of the Invention 

Cyclohexylphenyl glycolic acid (also referred to herein as "CHPGA") is used 
as a starting material for manufacturing compounds that have important biological 
and therapeutic activities. Such compounds include, for example, oxphencyclimine, 
loj oxyphenonium bromide, oxypyrronium bromide, oxysonium iodide, oxybutynin (4- 
diethylamino-2-butynyl phenylcyclohexylglycolate) and its metabolites, such as 
desethyloxybutynin (4-emylamino-2-butynyl phenylcyclohexylglycolate). 




CHPGA 



The important relation between stereochemistry and biological activity is well 
15 known. For example, the (^-enantiomers of oxybutynin and desemyloxybutynin 
have been shown to provide a superior therapy in treating urinary incontinence, as 
disclosed in U.S. Patent Nos^SS^VS and^677g46. The (*) enantiomer of 
oxybutynin has also been sugiiitedto be a usefuTd>ug candidate. [Noronha-Blob et 
al.,y. Pharmacol. Exp. Ther. 256, 562-567 (1991)]. 
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Racemic CHPGA is generally prepared by one of two methods: CI) selective 
hydrogenation o f phenyl mandelic acid or of phenyl mandelate esters, as shown in 
Scheme l;or(2) cyclohexyl magnesium halide addition to phenylglyoxylate as 



shown in Scheme 2. r 




R is hydrogen or lower alkyl. 



Scheme 2. 
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Asymmetric synthesis of individual enantiomers of CHPGA h^sbeenapproached 
along the lines of Scheme 2, by Grignard addition to a chiral auxiliary ester of 
glyoxylic acid fcfgive a diastereomeric mixture of ester s. In addition, a mu ltiple 
step asymmetric synthesisof ( JQ-CHPGA from (Pj-arabinose using Grignard 
reagents has been reported. 



10 



As outlined in Scheme 3 below, the simple chiral ester wherein R* is the 
residue of a chiral alcohol, can be directly converted to chiral drugs or drug- 
candidates by trans-esterification (R'=acetate), or hydrolyzed to yield chiral 
CHPGA and then esterified (R'=H). 
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Scheme 3 




(S) or (tf)-Oxybutynin 

While the aforementioned asymmetric synthetic methods are adequate for 
many purposes, the chemical yields are in some cases poor, and the stereoselectivity 
is not always high. Also, the chiral auxiliary reagents that give good yields and 
higher stereoselectivity are often quite expensive. Thu Mhese processes are oft en 
cost prohibitive for use in commercial scale product ion of chira l pharm aceutic al 
compounds. 
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A potential alternative to asymmetric synthesis is resolution of racemic 
CHPGA. This has been accomplished on an analytical scale using resolving agents 
such as ephedrine, quinine, and (+) and (-)-amphetamine. However, such resolving 
agents are expensive, making known processes for resolution as impractical as 
known asymmetric syntheses. In addition, resolution processes using these agents 
provide poor stereoselectivity. The poor stereoselectivity necessitates multiple 
recrystallization steps to isolate the single CHPGA enantiomer, which adds to the 
production costs of chiral pharmaceuticals made from these precursors. 



A more efficient and economic method for producing a-alkylphenylglycolic 
1 0 acids, particularly single enantiomers of a-alkylphenylglycolic acid^onanjndj^teia^ 
scale is therefore desirable. Such a method should pr ovide high purity compou nds 
in high chemical yields with few processing steps. 

Summary of the Invention 

The above need is satisfied, the limitat^sjafjh^rior art overcome, and 
1 5 other benefits re^1i7.ed^njcco rdance with the principleso f ttepresent invention;' 
whic h in one as pect relates to a process for preparing an alkyl phenylglycolic acil 
enriched in one enantiomer, comprising1uie"sequehtial steps of: — ~ 

(a) condensing a substituted acetaldehyde with a single enantiomer of 
mandelic acid to provide a 5-phenyl-l,3-dioxolan-4-one; 
20 (b) condensing said 5-phenyl-l ,3-dioxolan-4-one with an alkyl ketone or 

. aldehyde to provide a 5-(l-hydroxyalkyl)-5-phenyl-l,3-dioxolan-4-one; 
(c) exposing said 5-(l-hydroxyalkyl)-5-phenyl-l,3-dioxolan-4-one to 
dehydrating conditions to provide a 5-(l-alkenyl)-5-phenyl-l,3-dioxolan-4- 
one; 
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(d) hydrolyzing said 5-(l-alkenyl>5-phenyl-l ,3-dioxolan-4-one to 
provide an a-alkenylphenylglycolic acid; and 

(e) reducing said a-alkenylphenylglycolic acid to an a- 
alkylphenylglycolic acid. 

5 In an alternative embodiment, the last two steps (hydrolysis and reduction) 

can be reversed: 

(d) reducing said 5-(l-alkenyl)-5-phenyl-l,3-dioxolan-4-one to provide 
a 5-alkyl-5-phenyl-l,3-dioxolan-4-one; and 

(e) - hydrolyzing said 5-alkyl-5-phenyl-l,3-dioxolan-4-one to an a- 
10 alkylphenylglycolic acid. 

In particular, preferred embodiments, the substituted acetaldehyde is pivaldehyde, 
' the alkyl ketone is cyclohexanone, the mandelic acid is (S)-(+)-mandelic acid or (R)- 
(-)-mandelic acid and cyclohexylphenylglycolic acid enriched in either the S or the R 
enantiomer, respectively, is produced. 

1 5 In another aspect, the invention relates to a process for preparing a racemic 

alkyl phenylglycolic acid, comprising a first step of: 

(a) condensing acetaldehyde or a symmetrical dialkyl ketone with 
racemic mandelic acid to provide a 5-phenyl-l,3-dioxolan-4-one; 
followed by the same process described above for single enantiomers. The 
20 condensation of the acetaldehyde, symmetrical dialkyl ketone or substituted 

acetaldehyde with mandelic acid may be accomplished in the presence of an acid 
catalyst; the condensation of the 5-phenyl-l,3-dioxolan-4-one with an alkyl ketone 
aldehyde may be accomplished under basic conditions. 



or; 
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In another aspect, the invention relates to a compound chosen from the 
group consisting of: 






and 




wherein R 1 is alkyl of 1 to 10 carbons or substituted alkyl of 4 to 20 carbons in 
5 total. The compounds are novel intermediates in the synthesis of CHPGA. 



retailed Description 

The graphic representations of racemic, ambiscalemic and scalemic or 
enantiomerically pure compounds used herein are taken from Maehr L CheSL Ed, 
62, 1 14-120 (1985): solid and broken wedges are used to denote the absolute 

1 0 configuration of a chiral element; wavy lines indicate disavowal of any 

stereochemical implication which the bond it represents could generate; solid and 
broken bold lines are geometric descriptors indicating the relative configuration 
shown but denoting racemic character; and wedge outlines and dotted or broken 
lines denote enantiomerically pure compounds of indeterminate absolute 

1 5 configuration. Thus, for example, the formula 5 is intended to encompass either 
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one 



of the optically pure 5-cyclohexyl-5-phenyldioxol-2-ones: 




means a pure 
optical isomer 
which is one or 
the other of 




The term "enantiomeric excess" is well known in the art and is defined for a 
resolution of ab - a + b as 



ee a = 



{ conc - °f a ~ conc - °f b I x 100 
\ conc. of a + conc. of b) 



10 



15 



The term "enantiomeric excess" is related to the older term "optical purity" in that 
both are measures of the same phenomenon. The value of ee will be a number from 
0 to 100, zero being racemic and 100 being pure, single enantiomer. A compound 
which in the past might have been called 98% optically pure is now more precisely 
described as 96% ee.; in other words, a 90% e.e. reflects the presence of 95% of 
one enantiomer and 5% of the other in the material in question. The term 
"diastereomeric excess (d.e.) is similarly defined as 



dep 



conc. of p - conc. of q 



conc of p + conc of q 



x 100 



in which p and q are diastereomers, and 90% de reflects 95% of p and 5% of q. 
The diastereomeric excess is a measure of the diastereoselectivity of a reaction or 
process. 

"Substituted acetaldehyde" means acetaldehyde in which one or more 
hydrogens is replaced so as to provide an aldehyde which, when incorporated into 
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the dioxolone ring, is base-inert. For syntheses in which enantioselectivity is 
important, a bulky, base-inert aldehyde is needed. A "bulky, base-inert aldehyde" as 
the term is used herein refers to an aldehyde which meets two criteria: (1) it has 
sufficient steric bulk such that the approach of a ketone to the dioxolone anion 7 
5 results in a product alcohol which is not a 1 : 1 mixture of enantiomers at the C-5 
carbon; and (2) it contains 

R 1 




7 



no substituents that, by virtue of their reactivity with base, prevent the formation of 
1 0 an anion at C-5 of the dioxolone. Aldehydes that meet these criteria are easily 

determined by the artisan by simply reacting the putative aldehyde with S-mandelic 
acid and then with cyclohexanone under the conditions described below and 
examining the 'H NMR for the signal of the proton at C-2; if there is a single pair 
of signals of equal integrated signal strength between 5 and 6 8, the aldehyde fails 
1 5 criterion (1); if there is no signal between 5 and 6 8, the aldehyde fails criterion (2); 
if there is more than one signal of non-equal integrated signal strength between 5 
and 6 8, the aldehyde meets the criteria; if there is only a single signal between 5 
and 6 6, the aldehyde not only meets the criteria, but is preferred. Examples of 
substituted acetaldehydes that are bulky and "base-inert" include pivaldehyde and 
20 diphenylacetaldehyde. Generally, "substituted acetaldehydes" include acetaldehydes 
in which at least two hydrogens on the cc-carbon are replaced by alkyl or aryl 
groups, although we have found that if the two alkyl groups are no more bulky than 
methyls (isobutyraldehyde), the resulting dioxolone does not have a sufficient 
directing effect at C-5 to allow high enantioselectivity. 
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"Alkyl", as used herein, refers to saturated hydrocarbon residues containing 
twenty or fewer carbons in straight or branched chains, as well as monocyclic 
structures of 3 to 8 carbons and decalin. " Aryl" includes phenyl, naphthyl, and 
phenyl substituted with one or more alkyl or alkoxyl. 

5 Symmetrical dialkyl ketones include acetone and diethyl ketone. The person 

of skill will readily appreciate that an equivalent to the foregoing ketones and 
aldehydes would be the corresponding acetals, such as acetone dimethyl acetal 
(dimethoxypropane), which are often commercially available. These would be 
converted to the dioxolone under analogous conditions by alcohol exchange. 

10 The processes of the invention are illustrated in Schemes 4 and 5 using 

cyclohexanone as the exemplary alkyl ketone. Scheme 4 depicts the process in 
which the 5-cyclohexenyl-5-phenyldioxol-2-one 3 is first cleaved to a- 
cyclohexenylphenylglycolic acid 4 and then reduced; Scheme 5 depicts the process 
in which the 5-cyclohexenyl-5-phenyldioxol-2-one 3 is first reduced to 5- 

15 cyclohexyl-5-phenyldioxol-2-one 5 and then reduced. 
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Scheme 5 

R 1 




mandelic acid 
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According to the process depicted in both Scheme 4 and Scheme 5, an aldehyde 
R'CHO is condensed with mandelic acid in the presence of an acid catalyst to 
provide a 5-phenyl-l,3-dioxolan-4-one 1. The preferred aldehydes for 
enantioselective syntheses are pivaldehyde and diphenylacetaldehyde. Acetone is 
5 preferred when the racemic synthesis is followed. The preferred acids for 
condensing aldehydes are sulfonic acids such as methanesulfonic acid, 
trifluoromethanesulfonic acid and toluenesulfonic acid; if acetone is used, sulfuric 
acid may be employed. 

The 5-phenyl-l,3-dioxolan-4-one 1 is condensed with an alkyl ketone or 

1 0 alkyl aldehyde, in this case cyclohexanone, in the presence of a base to provide a 5- 
(l-hydroxyalkyl)-5-phenyl-l,3-dioxolan-4-one 2. Preferably the base is a lithium 
amide, such as lithium diethylamide or lithium bis(trimethylsUyl)amide. The best 
yields are obtained if the process is carried out below ambient temperature. In the 
case of the cyclohexanone adduct described in the schemes (in which R 1 is t-butyl), 

1 5 the initially formed (kinetically favored) 2S,5S dioxolone 2 is obtained if the 
reaction is carried out on the dioxolone 1 arising from S-mandelic acid at 
temperatures below -40 °C, whereas the thermodynamically favored 2S,5R 
dioxolone 2 is obtained if the reaction is carried out on the dioxolone 1 arising from 
S-mandelic acid at temperatures above -20°C. Between -40 and -20, mixtures are 

20 obtained, so that the process is not attractive if one enantiomer is desired; if 

enantioselectivity is not an issue, any temperature below ambient could be used, 
although yields are better at lower temperatures. At -78 °C, a 92% yield of SS 
product is obtained; at 0°C, a 64% yield of SR product is obtained. Thus, if one 
wished to obtain S-CHPGA, one could start with S-mandelic acid and carry out the 

25 aldol at -78 °C or one could start with R-mandelic acid and carry but the aldol at 
0°C. The chemical yields appear better on the S to S process. Conversely, if one 
wished to obtain R-CHPGA, one could start with R-mandelic acid and carry out the 
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aldol at -78°C or one could start with S-mandelic acid and carry out the aldol at 
0 °C. The reaction is run in an inert solvent or solvent mixture having a freezing 
point below the desired temperature for the reaction. Typical solvents include 
lower alkanes, ethers and mixtures thereof. 

5 The 5-(l-hydroxyalkyl)-5-phenyl-l,3-dioxolan-4-one 2 is subjected to 

dehydrating conditions to provide a 5-(l-alkenyl)-5-phenyl-l,3-dUoxolan-4-one 3. 
Preferred dehydrating conditions are the sequential treatment with thionyl chloride 
and then pyridine, but any of the myriad of conditions known to persons in the art 
for converting alcohols to alkenes could be used. Other dehydrating reactions that 

1 0 may be employed include: formic acid [Wang et al J. Chem. Soc. 1949, 21 86]; 

potassium bisulfate [Cook et al J Chem. Soc. 1938. 58]; sulfuric acid [Lochte 1_ 
Am Chem. Soc. 75. 4477 (1953)]; zinc chloride, oxalic acid and iodine [Criegee 
Chem. Ber. 85. 144 (1952)]; nitric acid [Nametkin Chem. Ber. 56, 1803 (1926)]; 
phosphoryl chloride [Sauers T A™ Chem. Soc. 81. 4873 (1959)]; aluminum 

1 5 sulfate [Vogel T Chem. Soc. 1938. 1 323]; iodine [Sonawane et al. Tetrahedron 
1986. 6673]; phosphorus oxychloride and pyridine [Campbell J. Chem. Soc. B, 
1968. 349]; p-toluenesulfonic acid [niah T Org. Chem. 55. 1792 (1990); and 
Humphreys T Chem. Soc. PI 1978. 33]; N-bromosuccinimide [Taguchi TeL_ 
Lett. 1973. 2463]; HC1 [Maillard Bull. Soc. Chi m. Fr. 1966. 1683]; and 

20 trifluoroacetic acid [Levin et al. Tet. Lett. 1985.505]. 

As mentioned above, the dioxolan-4-one 3 may be first hydrolyzed and 
then reduced, as shown in Scheme 4, or first reduced and then hydrolyzed, as in 
Scheme 5. In either case, the hydrolysis is preferably carried out using aqueous 
alkali metal hydroxide in an alcoholic or polar aprotic solvent, for example, ^ 
25 potassium hydroxide in methanol-water. Reduction is preferably accomplished by 
exposure to hydrogen gas in the presence of a noble metal catalyst. The hydrogen 
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may be provided as gaseous hydrogen or may be derived by metathesis from a 
hydrogen source such as ammonium formate. The catalyst is preferably palladium 
on a solid support such as carbon, but one may also use other noble metal catalysts 
such as platinum and rhodium catalysts. 

5 As will be evident from the examples below, it is not necessary to isolate 

and purify each intermediate, although this was done initially to guide the 
experimentation. 

The examples below are syntheses in which the alkyl ketone was cyclohexanone. 
As will be evident to the person of skill in the art, other ketones and aldehydes 
1 0 could be substituted for cyclohexanone to make other a-alky Iphenylglycolic acids. 

Examples 

Process for isolating each intermediate and reducing before saponifying: 

Cis-(2S,5S)-2-(tert-butyl)-5-phenyH,3-dioxolan-4-one (1): To a suspension of (S)- 
(+)-mandelic acid (10.0 g, 65.7 mmol) in pentane (150 mL) was added pivaldehyde 

15 (8.56 mL, 78.8 mmol), followed by addition of methanesulfonic acid (213 >iL, 3.2 
mmol) at rt. To the reaction flask was added a dean-stark trap, the mixture was 
warmed to 75 ° C and allowed to reflux for 5.5 h. The reaction mixture was washed 
with water (2 x 150 mL), dried with sodium sulfate, and filtered. The filtrate was 
then concentrated in vacuo to provide a white solid. The crude material was 

20 dissolved in 50 mL of hot ethyl acetate and allowed to cool to 0° C. The solids 
formed were collected by filtration and dried to give 10.7 g (74%) of product. *H 
NMR (CDC1 3 ) 6 1.12 (s, 9H), 5.28 (s, 1H), 5.36 (s,lH), 7.47 (m, 5H). ,3 C-NMR 
6 23.80, 24.42, 34.64, 109.47, 127.23, 128.91, 129.35, 133.70, 172.04. 
Cis-(2S,5S)-2-(tert-butyl)-5-phenyl-5-(cyclohexyl-l-ol)-l ,3-dioxolan-4-one (2): To 

25 a -78° C solution of Lithium bis-(trimethylsilyl)-amide (46.7 mL, 46.7 mmol, 1.0M 
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in hexanes) in THF (250 mL) was added Cis-(2S,5S)-2-(tert-butyl)-5-phenyl-l,3- 
dioxolan-4-one (9.80 g, 44.5 mmol, dissolved in 80 mL THF). The reaction 
mixture was allowed to stir for 0.5 hours at -78° C, after which ccylohexanone 
(5.07 mL, 46.7 mmol) was added. After stirring for a further 2 hours at -78 °C, a 

5 solution of saturated NH 4 C1 solution (8.0 mL) was added. The reaction mixture 
was poured into a separatory funnel containing saturated NH 4 C1 solution (300 mL). 
The aqueous layer was separated and washed with ethyl acetate (2 x 300 mL). The 
combined organic layers were dried (NajSO^, filtered and concentrated in vacuo to 
provide 12.01 g of crude aldol product (85%) as a white solid. 'H NMR (CDC1 3 ) 

10 6 0.95 (s, 9H), 1.38-1.98 (m, 10H), 5.53 (s, 1H), 7.39 (m, 3H), 7.76 (m, 2H). 13 C- 
NMR 6 21.14, 21.23, 23.59, 25.32, 30.99, 31.22, 35.69, 86.68, 1 11.10, 126.98, 
127.66, 128.13, 135.42, 172.54. 

Cis-(2S,5S)-2-(tert-butyl)-5-phenyl-5-(cyclohex-l-ene)-l ,3-dioxolan-4-one (3): To 
a 0° C solution of cis-(2S,5S)-2-(tert-butyl)-5-phenyl-5-(cyclohexyl-l-ol)- 

15 l,3dioxolan-4-one (12.0 g, 37.8 mmol) in THF (300 mL) was added pyridine (30.6 
mL, 378 mmol) followed by Thionyl chloride (8.2 mL, 1 13.5 mmol.). The reaction 
mixture was allowed to stir for lh at 0° C. followed by the addition of saturated 
NH 4 C1 solution (300 mL). The layers were separated and the aqueous layer was 
washed with ethyl acetate (2 x 200 mL). The combined organic layers were dried 

20 (NajSOa), filtered and concentrated in vacuo to provide 1 1 .37g of crude product 

(96%). 'H NMR (CDC1 3 ) 6 1.03 (s, 9H), 1.54-2.19 (m, 8H), 5.17 (s, 1H), 6.07 (m, 
1H), 7.37 (m, 3H)k, 7.55 (m, 2H). ,3 C-NMR 6 22.10, 22.60, 23.78, 23.90, 24.43, 
25.30, 34.45, 86.35, 107.38, 126.20, 127.48, 128.40, 132.66, 136.91, 171.86. 

Cis-(2S,5S)-2-(tert-butyl)-5-phenyl-5-(cyclohexyl)l,3-dioxolan-4-one (5): To a 
25 solution of Cis-(2S,5S)-2- (tert-butyl)-5-phenyl-5-(cyclohex-l-ene)-l,3-dioxolan-4- 
one (2.34 g, 7.8 mmol) in methanol (35 mL) was added 10% Pd/C (0.23g). The 
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reaction was subjected to 1 ATM of Hydrogen and was allowed to stir for 6 h. The 
reaction mixture was filtered through a plug of celite and concentrated in vacuo to 
provide 2.21 g of crude product (94%). 'H NMR (CDC1 3 ) 6 0.92 (s, 9H), 1.04- 
1 .80 (m, 1 1), 5.39 (s, 1H), 7.34 (m, 3H), 7.65 (m, 2H). ,3 C-NMR 8 23.73. 26/13. 
5 26/15. 26/28. 26/33. 28.23, 35.78, 48.61, 85.35, 110.83, 125.52, 127.73, 128.03, 
138.03, 173.99. 

(S)-CHPGA: To a solution of Cis-(2S,5S)-2-(tert-butyl)-5-phenyl-5-(cyclohexyl)- 
l,3-dioxolan-4-one (1 1.44 g, 37.9 mmol) in MeOH (105 mL) was added a 1.8M 
solution of KOH (105 mL, 5 eq.). The reaction was allowed to reflux for 2.5 h. 

10 After cooling to rt, the volatiles (MeOH) was removed in vacuo and the aqueous 
reaction mixture was washed with ethyl acetate (50 mL). The aqueous layer was 
acidified to ph=l with IN HC1 and the resulting mixture was washed with ethyl 
acetate (2 x 200 mL). The combined organic layers were dried (NajSO,,), filtered, 
and concentrated in vacuo to provide 7.9g of crude (S)-CHPGA (89%, 91.6% 

15 e.e.). 

The resulting off-white solid was dissolved in 36.4 mL of toluene at a temperature 
of 65° C. To this warm solution was added 42 mL of heptane over a 10 min. 
period using an overhead mechanical stirrer. The solution was allowed to slowly 
cool to 0° C where white crystals were formed. After stirring at 0° C for 1 h, the 
20 reaction contents were filtered to provide 6.0 g of (S)-CHPGA (67%, 99.8% e.e.). 
'H NMR (CDC1 3 ) 8 1.01-1.82 (m, lOH), 2.25 (m, 1H), 7.32 (m, 3H), 7.63 (m, 
2H). I3 C-NMR 6 25.57, 26.27, 26.42, 27.52, 81.15, 126.10, 127.85, 128.24, 
140.03, 180.97. 
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Process with saponification before reduction: 



(S)-Cyclohexenyl phenyl glycolic acid (4): To a solution of cis-(2S,5S)-2-(tert- 
butyl)-5-phenyl-5-(cyclohex-l-ene)-l,3-dioxolan-4-one (2.9 g, 9.9 mmol) in THF 
(27 mL) was added a 1.8M solution of KOH (27 mL, 5 eq.). The reaction was 
5 allowed to reflux for 7h. After cooling to rt, the reaction mixture was washed with 
heptane (75 mL x 2). The aqueous layer was acidified to pH=l with IN HC1 and 
the resulting mixture was washed with ethyl acetate (2 x 75 mL). The combined 
organic layers were dried (Na^OJ, filtered, and concentrated in vacuo to provide 
1.19 g of crude (S> Cyclohexenyl phenyl glycolic acid (51%, 98.3% e.e.). J H 
10 NMR (CDC1 3 ) 6 1.04-1.68 (m, 4H), 2.00-2.09 (m, 4H), 5.70 (m, 1H), 7.27 (m, 

3H), 7.56 (m, 2H). 13 C-NMR 6 22.1 1, 22.97, 24.88, 25.46, 82.40, 127.12, 127.27, 
128.22, 128.25, 138.05, 179.24. 

(S)-CHPGA: To a solution of (S)-Cyclohexenyl phenyl glycolic acid (1.1 lg, 4.78 
mmol) in methanol (16 mL) was added 10% Pd/C (0.1 1 g). The reaction was 
15 subjected to 1 ATM of Hydrogen and was allowed to stir for 18 h. the reaction 
mixture was filtered through a plug of celite and concentrated in vacuo to provide 
1.01 g of (S)-CHPGA (91%, 98.3% e.e.). 

Process combining aldol, elimination and saponification without isolation: 

Cis-(2S,5S)-2-(tert-butyl)-5-phenyl-l,3-dioxolan-4-one (SS)-l: To a suspension of 
20 (S)-(+)-mandelic acid (1 0.Og, 65.7 mmol) in pentane (1 50 mL) was added 

pivaldehyde (8.56 mL, 78.8 mmol), followed by addition of methanesulfonic acid 
(213 jiL, 3.2 mmol) at rt. To the reaction flask was added a dean-stark trap. The 
mixture was warmed to 65° C and allowed to reflux for 5.5 h. The reaction 
mixture was allowed to cool to rt, ethyl acetate was added (200 mL) and the 



-18- 



WO 00/27786 



PCT/US99/25587 



solution was washed with said NaHC0 3 solution (150 mL) and concentrated in 
vacuo to provide a white solid. The crude material was dissolved in 50 mL of hot 
ethyl acetate and allowed to cool to 0° C. The solids formed were collected by 
filtration and dried to give 9.95 g (69%) of product. 

5 (S)-Cyclohexenyl phenyl glycolic acid (S)-4: To a -78° C solution of lithium bis- 
(trimethylsilyl)-amide (147.6 mL, 147.6 mmol, 1.0M in hexanes) was added Cis- 
(2S,5S)-2.(tert-butyl)-5-phenyl-l,3-dioxolan-4-one (S,S)-1 (25.0 g, 113.5 mmol, 
dissolved in 172 mL THF). The reaction mixture was allowed to stir for 0.5h at - 
78° C, followed by the addition of cyclohexanone (16.47 mL, 158.9 mmol). After 

10 2h at -78° C, thionyl chloride (28.97 mL, 397.2 mmol) was added, followed by 
pyridine (41.3 mL, 510.7 mmol) and the reaction stirred an additional 30 min at - 
78° C. The reaction mixture was slowly warmed to 0° C and allowed to stir an 
additional 4h, followed by the addition if KOH (99.5g, 1.7 mol) dissolved in 120 
mLofH 2 0. The reaction mixture was distilled to remove 275 mL of solvent. To 

15 the reaction mixture was added 75 mL of MeOH and allowed to reflux for 6 h. the 
reaction was allowed to cool to rt and washed with heptane (1 00 mL x 2). The 
aqueous layer was acidified with 6N HC1 until pH=2. Brownish crystals were 
collected by filtration and allowed to dry in vacuo to provide 21.5 g (81%, 96.7% 
e.e.) of(S)-4. 

20 CHPGA: To a solution of cis-(2S,5S)-2-(tert-butyl)-5-phenyl-5-(cyclohex-l-ene)- 
l,3-dioxolan-4-one (S>4 (2.4g, 10.3 mmol) in methanol (24 mL) was added 10% 
Pd/C (0.24 g). The reaction was subjected to 1 ATM of Hydrogen and was 
allowed to stir for 1 8 h. The reaction mixture was filtered through a plug of celite 
and 10 mL of MeOH was used to wash the filter cake. The solvent was distilled to a 

25 volume of 20 mL, after which 40 mL of toluene was added, this was repeated 3 

times, with the last distillation resulting in 1 1 mL final volume of solvent (toluene). 
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The mixture was wanned to 65° C and 12.9 mL of heptane was added to it. The 
mixture was slowly cooled to rt, then 0° C for 2 h. the crystals were collected via 
filtration and dried to provide 2.1 1 g of pure (S)-CHPGA (87%, 99% e.e.). 

Process combining cyclization/aldol and elimination/saponification steps: 
5 Cis<2S,5S)-2<tert-butyl)-5-phenyl-5-(cyclohexyl-l-ol)-l,3-di^ 

To a suspension of (S)-(+)mandelic acid (25.0 g, 164 mmol) in pentane (250 mL) 
was added pivaldehyde (21.3 mL, 196 mmol), followed by addition of 
trifluoromethanesulfonic acid (625 ^L, 7.0 mmol) at room temperature. To the 
reaction flask was added a dean-stark trap. The mixture was warmed to 65 ° C and 
1 0 allowed to reflux for 4 hours. After the reaction was judged complete, a sodium 
bicarbonate solution (13.77 g in 100 mL of water) was added, and the pentane was 
removed via distillation. The white solids formed were collected by filtration to 
give 34.2 g (95%) of product dioxolone (S,S)-1. 

To a -78° C solution of lithium bis(trimethylsilyl)amide (77.94 mL of 1.0M in 
15 hexanes, 77.94 mmol, ) was added (S,S)-1 (59.96 mmol, dissolved in 90.8 mL 

THF). The reaction mixture was allowed to stir for 0.5h at -78° C, followed by the 
addition of cyclohexanone (8.70 mL, 83.9 mmol). The reaction was allowed to stir 
for an additional 2h at -78° C, after which it was quenched with 13.2 mL of a 10% 
solution of NaH 2 P0 4 containing 5% NaCl. The reaction mixture was quickly 
20 poured into a separatory funnel containing 10% NaH 2 P0 4 (174 mL). The organic 
layer was separated and concentrated in vacuo to provide crude aldol product as a 
white solid. The white solid was dissolved in 135 mL of 1% THF in heptane at 80° 
C. The solution was allowed to slowly cool to 0°C and stir for 2 hours, after which 
the white crystals were filtered and dried to provide 14.4 g of aldolate (S,S)-2 (76% 
25 yield, >99.9% d.e.). 
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To a 0° C solution of (S,S)-2 (31.8 g, 100 mmol) in THF (332 mL) was added 
thionyl chloride (21.2 mL, 291 mmol). After 10 min., pyridine (37.8 mL, 468 
mmol) was added slowly at 0° C. The reaction mixture was allowed to stir for 15 
min at 0° C, followed by the addition of saturated NH 4 C1 solution (250 mL). The 
5 bottom layer (aqueous) was removed and the top layer (organic) was treated with 
KOH (29.1 g, 520 mmol) in 120 mL of water. The reaction mixture was distilled to 
remove 300 mL of solvent. MeOH (60 mL) was added and the reaction was 
allowed to reflux for 2 hours at 95° C. The reaction was washed with heptane (60 
mL) and the aqueous layer was acidified to pH=2 with 6N HC1. The white 
1 0 precipitate was collected via filtration and dried to provide 21 .5 g of (S)-4 (93%, 
99.96% e.e.). 

To a solution of Cis-(2S,5S)-2-(tert-butyl)-5-phenyl-5-(cyclohex-l-ene)-l,3- 
dioxolan-4-one (S)-4 (18.0 g, 77.58 mmol) in methanol (100 mL) was added 10% 
Pd/C (0.54 g, 3 mole %). The reaction was subjected to 30 psi of hydrogen and 

1 5 was allowed to stir for 1 8 h. The reaction mixture was filtered through a plug of 
Solka Flok and 20 mL of MeOH was used to wash the filter cake. The solvent was 
distilled at 95° C to a volume of 9 mL, after which 100 mL of H 2 0 was slowly 
added. The mixture was slowly cooled to rt, then 0° C for 2 h. The solids were 
collected via filtration and dried to provide 17.2 g of (S)-CHPGA (95%, 100%, 

20 e.e.) [a]l° = +26.23 (c=0.0 17, ethanol). 

Process for racemic synthesis: 

2-(Dimethyl)-5-phenyl-l ,3-dioxolan-4-one: A 100 mL round bottom flask was 
equipped with a stir bar and magnetic stirrer. (S)-mandelic acid (5.0 g, 32.8 mmol) 
and acetone (15 mL) were added at room tempreature. The reaction mixture was 
25 cooled to -10°C, and to it was added H 2 S0 4 (3.17g, 32.8 mmol) dropwise. After 1 
hour at -10 °C, the reaction contents were poured into an ice-cold solution of 
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K 2 C0 3 (8.3 g in 60 mL of H 2 0). The white precipitate was filtered and washed 
sequentially with IN NaOH (20 mL) and H 2 0 (20 mL). After drying overnight, 5.4 
g (93%) of 2-(dimethyl)-5-phenyl-l,3-dioxolan-4-one was obtained as a white solid. 

2-(Dimethyl)-5-phenyl-5-(cyclohexyl-l-ol)-l,3-dioxolan-4-one: To a -78 °C 
5 solution of lithium bis-(trimethylsilyl)amide (2.98 mL, 2.98 mmol, 1 .0M in hexanes) 
in 16 mL of dry THF was added 2-(dimethyl)-5-phenyl-l,3-dioxolan-4-one (0.50 g, 
2.84 mmol) dissolved in 3 mL of THF. The reaction mixture was allowed to stir for 
0.5h at -78°C, followed by the addition of cyclohexanone (0.32 mL, 3.2 mmol). 
After lh at -78 °C, pyridine (2.29 mL, 28.4 mmol) was added, followed by the 

10 addition of SOCl 2 (0.31 mL, 4.26 mmol), and the reaction stirred an additional 30 
min at -78 °C. The reaction mixture was slowly warmed to 0°C and allowed to stir 
an additional lh. The reaction mixture was poured into a separatory funnel 
containing saturated NH 4 C1 (10 mL). The THF layer was concentrated in vacuo 
and chromatographed with silica gel using 3% EtOAc/hexane as eluent to provide 

15 0.495 g (64%) of pure 2-(dimethyl)-5-phenyl-5-(cyclohexyl-l-ol)-l,3-dioxolan-4- 
one. 

Cyclohexenyl phenyl gly colic acid: To a solution of 2-(dimethyl)-5-phenyl-5- 
(cycIohexyl-l-ol)-l,3-dioxolan-4-one (0.285 g, 1.048 mmol) in MeOH (7 mL), was 
added a 1 .8M solution of KOH (7 mL, 12 eq.). The reaction was allowed to reflux 
20 for 2 h. After cooling to rt, the reaction mixture was washed with E^O (20 mL). 
The aqueous layer was acidified to pH=l with IN HC1 and the resulting mixture 
was washed with ethyl acetate (30 mL). The organic layer was dried (MgS0 4 ), 
filtered, and concentrated in vacuo to provide 0.2 g of crude cyclohexenyl phenyl 
glycolic acid (82%) as a white solid. 

25 CHPGA: To a solution of cyclohexenyl phenyl glycolic acid (0. 15 g, 0.687 mmol) 
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in methanol (5 mL) was added 10% Pd/C (0.03 g). The reaction was subjected to 1 
ATM of Hydrogen and was allowed to stir for 1 8 h. The reaction mixture was 
filtered through a plug of celite and concentrated in vacuo to provide 142 mg of 
crude CHPGA (94%) as a white solid. 

5 Process employing diphenylacetaldehyde as the substituted acetaldehyde: 
Cis-(2S,5S)-2-(diphenylmethylene)-5-phenyl-l,3-dioxolan-4-one [1 ; R 1 = 
CH(Ph) 2 ]: To a suspension of (S)-(+)- mandelic acid (3.0 g, 19.7 mmol) in pentane 
(60 mL) was added (2,2)-diphenylethanal (6.55 mL, 23.7 mmol), followed by 
addition of methanesulfonic acid (75 uL, 0.84 mmol) at rt. To the reaction flask 

10 was added a dean-stark trap. The mixture was warmed to 65 °C and allowed to 

reflux for 4.0 h. The reaction mixture was allowed to cool to rt, ethyl acetate was 
added (50 mL) and the solution was washed with saturated NaHC0 3 solution (50 
mL) and concentrated in vacuo to provide a white solid. 'H NMR analysis of the 
crude material suggested 58:42 diastereoselectivity. The crude material was 

1 5 chromatographed with 2% EtO Ac/hexane to obtain one diastereomer. 

Cis-(2S,5 S)-2-(diphenylmethylene)-5-pheny l-5-(cy clohexyl- 1 -ol)- 1 ,3-dioxolan-4- 
one: To a -78 °C solution of lithium bis-(trimethylsilyl)amide (0.88 mL, 0.88 mmul, 
1.0M in hexanes) was added cis-(2S,5S)-2-(diphenylmethylene)-5-phenyl-l,3- 
dioxolan-4-one (0.68 mmol) dissolved in 5 mL of THF. The reaction mixture was 

20 allowed to stir for 0.5 h at -78 °C, followed by the addition of cyclohexanone (0.098 
mL, 0.93 mmol). The reaction was allowed to stir for an additional 2 h at -78 °C, 
after which it was quenched with saturated NH 4 C1 solution (1 .0 mL). The reaction 
mixture was quickly poured into a separatory funnel containing saturated NH 4 C1 
solution (15.0 mL). The organic layer was separated and concentrated in vacuo to 

25 provide 0.223 g crude aldol product as a white solid in 58% yield (42% s.m. 

remained). ! H NMR of the crude material suggested 78:22 diastereoselectivity. 
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CLAIMS 

1 . A process for preparing an alkyl phenylglycolic acid enriched in one 
enantiomer comprising the sequential steps of: 

(a) condensing a substituted acetaldehyde with a single enantiomer of 
mandelic acid to provide a 5-phenyl-l,3-dioxolan-4-one; 
5 (b) condensing said 5-phenyl-l ,3-dioxolan-4-one with an alkyl ketone or 

alkyl aldehyde to provide a 5-(l-hydroxyalkyl)-5-phenyl-l,3-dioxolan-4- 
one; 

(c) exposing said 5-(l -hydroxyalkyl)-5-phenyl- 1 ,3-dioxolan-4-one to 
dehydrating conditions to provide a 5-(l-alkenyl)-5-phenyl-l,3-dioxolan-4- 

10 one; 

(d) hydrolyzing said 5-( 1 -alkenyl)-5 -phenyl- 1 ,3 -dioxolan-4-one to 
provide an a-alkenylphenylglycolic acid; and 

(e) reducing said a-alkenylphenylglycolic acid to an a- 
alkylphenylglycolic acid. 

2. A process for preparing an alkyl phenylglycolic acid enriched in one 
enantiomer comprising the sequential steps of: 

(a) condensing a substituted acetaldehyde with a single enantiomer of 
mandelic acid to provide a 5-phenyl-l, 3-dioxolan-4-one; 

(b) condensing said 5-phenyl-l,3-dioxolan-4-one with an alkyl ketone or 
alkyl aldehyde to provide a 5-(l-hydroxyalkyl)-5-phenyM,3-dioxolan-4- 
one; 

(c) exposing said 5-( 1 -hydroxyalkyl)-5-pheny 1- 1 ,3-dioxolan-4-one to 
dehydrating conditions to provide a 5-(l-alkenyl)-5-phenyl-l,3-dioxolan-4- 

one; 

(d) reducing said 5-(l -alkenyl)-5-phenyl-l ,3-dioxolan-4-one to provide 



5 



10 
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a 5-alkyl-5-phenyl- 1 ,3-dioxolan-4-one; and 

(e) hydrolyzing said 5-alkyI-5-phenyl-l,3-dioxolan-4-one to an a- 
alkylphenylglycolic acid. 

3. A process according to either of claims 1 or 2 wherein said substituted 
acetaldehyde is pivaldehyde or diphenylacetaldehyde. 

4. A process for preparing a racemic alkyl phenylglycolic acid comprising the 
sequential steps of: 

(a) condensing acetaldehyde or a symmetrical alkyl ketone with racemic 
mandelic acid to provide a 5-phenyl-l,3-dioxolan-4-one; 
5 (b) condensing said 5-phenyl-l ,3-dioxolan-4-one with an alkyl ketone or 

alkyl aldehyde to provide a 5-(l-hydroxyalkyl)-5-phenyl-l,3-dioxolan-4- 
one; 

(c) exposing said 5-(l-hydroxyalkyl)-5-phenyl-l,3-dioxolan-4-one to 
dehydrating conditions to provide a 5-(l-alkenyl)-5-phenyl-l,3-dioxolan-4- 

10 one; 

(d) hydrolyzing said 5-(l -alkenyl)-5-phenyl-l ,3-dioxolan-4-one to 
provide an a-alkenylphenylglycolic acid; and 

(e) reducing said a-alkenylphenylglycolic acid to an a- 
alkylphenylglycolic acid. 

5. A process for preparing a racemic alkyl phenylglycolic acid comprising the 
sequential steps of: 

(a) condensing acetaldehyde or a symmetrical alkyl ketone with racemic 
mandelic acid to provide a 5-phenyl-l, 3-dioxolan-4-one; 
5 (b) condensing said 5-phenyl- 1 ,3-dioxolan-4-one with an alkyl ketone or 

alkyl aldehyde to provide a 5-( 1 -hydroxy alky l)-5 -phenyl- 1,3 -dioxolan-4- 
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one; 

(c) exposing said 5-( 1 -hydroxyalky l)-5-pheny 1- 1 ,3 -dioxolan-4-one to 
dehydrating conditions to provide a 5-(l-alkenyl)-5-phenyI-l,3-dioxolan-4- 
one; 

(d) reducing said 5-(l-alkenyl)-5-phenyl-l,3-dioxolan-4-one to provide 
a 5-alkyl-5-phenyl-l,3-dioxolan-4-one; and 

(e) hydrolyzing said 5-alkyl-5-phenyl-l,3-dioxolan-4-one to an a- 
alkylphenylglycolic acid. 

6. A process according to either of claims 4 or 5 wherein said symmetrical 
alkyl ketone is acetone. 

7. A process according to any of claims 1, 2, 4 or 5 wherein said alkyl ketone 
is cyclohexanone. 

8. A process according to any of claims 1, 2, 4 or 5 wherein said condensing 
an aldehyde or ketone with mandelic acid employs an acid catalyst. 

9. A process according to claim 8 wherein said acid catalyst is chosen from 
the group consisting of methanesulfonic acid, trifluoromethanesulfonic acid and 
toluenesulfonic acid. 

10. A process according to claim 6 wherein condensing acetone with mandelic 
acid is catalyzed by adding sulfuric acid. 

11. A process according to any of claims 1 , 2, 4 or 5 wherein a 5-phenyM,3- 
dioxolan-4-one is condensed with an alkyl ketone or alkyl aldehyde in the presence 
of about one equivalent of a base. 
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12. A process according to claim 1 1 wherein said base is a lithium amide and 
said process is carried out below ambient temperature. 

13. A process according to any of claims 1, 2, 4 or 5 wherein said exposing a 5- 
(l-hydroxyalkyl)-5-phenyl-I,3-dioxolan-4-one to dehydrating conditions comprises 
sequential treatment of said 5-(l-hydroxyalkyl)-5-phenyl-l,3-dioxolan-4-one with 
thionyl chloride and pyridine. 

14. A process according to claim 1 or 4 wherein hydrolyzing said S-(l-alkenyl)- 
5-phenyl-l,3-dioxoIan-4-one is accomplished by exposure to aqueous alkali metal 
hydroxide in an alcoholic or polar aprotic solvent. 

15. A process according to claim 2 or 5 wherein hydrolyzing said 5-alkyl-5- 
phenyl-l,3-dioxolan-4-one is accomplished by exposure to aqueous alkali metal 
hydroxide in an alcoholic or polar aprotic solvent. 

16. A process according to claim 1 or 4 wherein reducing said a- 
alkenylphenylglycolic acid is accomplished by exposure to hydrogen gas in the 
presence of a noble metal catalyst. 

17. A process according to claim 2 or 5 wherein reducing said 5-(l-alkenyl)-5- 
phenyl-l,3-dioxolan-4-one is accomplished by exposure to hydrogen gas in the 
presence of a noble metal catalyst. 

18. A process according to claim 3 wherein said alkyl ketone is cyclohexanone, 
said mandelic acid is (S)-(+)-mandelic acid, said condensing a 5-phenyl-l,3- 
dioxolan-4-one with an alkyl ketone or alkyl aldehyde employs a lithium amide and 
said process is carried out below -40 °C, whereby cyclohexylphenylglycolic acid 
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enriched in the S enantiomer is produced. 

19. A process according to claim 3 wherein said alkyl ketone is cyclohexanone, 
said mandelic acid is (R)-(-)-mandelic acid, said condensing a 5-phenyl-l,3- 
dioxolan-4-one with an alkyl ketone or alkyl aldehyde employs a lithium amide and 
said process is carried out below -40°C, whereby cyclohexylphenylglycolic acid 

5 enriched in the R enantiomer is produced. 

20. A process according to claim 3 wherein said alkyl ketone is cyclohexanone, 
said mandelic acid is (S)-(+)-mandelic acid, said condensing a 5-phenyl-l,3- 
dioxolan-4-one with an alkyl ketone or alkyl aldehyde employs a lithium amide and 
said process is carried out above -20 °C, whereby cyclohexylphenylglycolic acid 

5 enriched in the R enantiomer is produced. 

21 . A process according to claim 1 for preparing an enantiomer of 
cyclohexylphenylglycolic acid of greater than 50% e.e., comprising the sequential 
steps of: 

(a) condensing pivaldehyde or diphenylacetaldehyde with a single 

5 enantiomer of mandelic acid in the presence of a sulfonic acid catalyst to 

provide a corresponding 5-phenyl- 1 ,3-dioxolan-4-one; 

(b) condensing said 5-phenyl- 1 ,3-dioxolan-4-one with cyclohexanone in 
the presence of a lithium amide below -40°C to provide a 5-(l- 
hydroxycyclohexyl)-5-phenyl-l,3-dioxolan-4-one enriched in one 

10 diastereomer; 

(c) exposing said 5-(l-hydroxycyclohexyl)-5-phenyl-l,3-dioxolan-4-one 
sequentially to thionyl chloride and then pyridine to provide 5-(l- 
cyclohexeny l)-5-pheny 1- 1 ,3-dioxolan-4-one; 

(d) hydro iyzing said 5-(l -cyclohexenyl)-5-phenyl- 1 ,3-dioxolan-4-one 
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with an aqueous alkali metal hydroxide to provide a- 
cyclohexenylphenylglycolic acid; and 

(e) reducing said oc-cyclohexenylphenylglycolic acid with hydrogen gas 
in the presence of a noble metal catalyst to provide a- 
5 cyclohexylphenylglycolic acid enriched in a single enantiomer. 

22. A process according to claim 21 wherein said mandelic acid is (S)-(+)- 
mandelic acid, whereby cyclohexylphenylglycolic acid enriched in the S enantiomer 
is produced. 

23. A process according to claim 2 for preparing an enantiomer of 
cyclohexylphenylglycolic acid of greater than 50% e.e., comprising the sequential 
steps of: 

(a) condensing pivaldehyde or diphenylacetaldehyde with a single 
enantiomer of mandelic acid in the presence of a sulfonic acid catalyst to 
provide a corresponding 5-phenyl-l,3-dioxolan-4-one; 

(b) condensing said 5-phenyl-l,3-dioxolan-4-one with cyclohexanone in 
the presence of a lithium amide below -40 °C to provide a 5-(l- 
hydroxycyclohexyl)-5-phenyl-l,3-dioxolan-4-one enriched in one 
diastereomer; 

(c) exposing said 5-(l-hydroxycyclohexyl)-5-phenyM ,3-dioxolan-4-one 
sequentially to thionyl chloride and then pyridine to provide 5-(l- 
cyclohexenyl)-5-phenyl- 1 ,3-dioxolan-4-one; 

(d) reducing said 5-(l -cyclohexenyl)-5-phenyl~l ,3-dioxolan-4-one with 
hydrogen gas in the presence of a noble metal catalyst to provide 5- 
cy clohexy 1-5-pheny 1- 1 ,3-dioxolan-4-one; and 

(e) hydrolyzing said 5 -cy clohexy 1-5-pheny 1- 1 ,3-dioxolan-4-one with an 



10 
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aqueous alkali metal hydroxide to provide a-cyclohexenylphenylgiycolic 
acid a-cyclohexylphenylglycolic acid enriched in a single enantiomer. 

24. A process according to claim 23 wherein said mandelic acid is (S)-(+> 
mandelic acid, whereby cyclohexylphenylglycolic acid enriched in the S enantiomer 
is produced. 
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25. A compound chosen from the group consisting of: 




wherein R ! is alkyl of 1 to 10 carbons or substituted alkyl of 4 to 20 carbons in 
total. 

26. A compound according to claim 25 of formula 
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27. A compound according to claim 25 of formula 




28. A compound according to claim 25 of formula 




29. A compound according to claim 25 of formula 




30. A compound according to any of claims 26 to 28 wherein R 1 is t-butyl. 
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